INTRODUCTION
The potential effects of lead on the neuropsychiatric development of children have been well documented.' ~3 Deficits in central nervous system functioning associated with levels of lead as low as 15-25 /zg/dl have been suggested. x A threshold for the level of lead required for adverse effects to occur has not been established. Health effects noted in children with elevated lead levels have included chronic constipation, poor attention span, restlessness, fidgetiness and difficulty functioning at school. 2 ' 3 Currently, the Australian National Health and Medical Research Council (NH&MRC) recommended goal for blood lead levels in Australian children is <10/ig/dl (0.48 /zmol/1). On the basis of recent Australian studies this has been achieved with some exceptions. 4 ' 5 A recently published meta-analysis of blood lead levels among children of lead-exposed workers in the USA from 1987 to 1994 had similar results consistent with the Australian studies. 6 Home exposure and childhood behaviour factors have been investigated in studies 4 ' 7 in which certain behaviours were thought to be associated with increased levels of blood lead in children. 4 ' 7 " u These included mouthing J. Chan el a/.: Predictors of lead absorption in children of lead workers 399 behaviours, hand washing habits, and outdoor activities. In these studies, mouthing and pica habits were found to be the most important factors for having elevated blood lead. In the past, little attention has been paid to the effect of parental occupation on blood lead levels in children. Factors that have been investigated include soil remediation activities, house-dust lead levels, recreational activities of household members involving lead, recent household renovations, peeling paint, age of the house, pet ownership, location of the house with respect to major roads, smoking, and socioeconomic factors. 4>7 )8>11 " 14 Higher lead levels have also been found to be associated with factors such as smoking in the household, living near a major road, living in older houses (pre-1970) , and lower socioeconomic and educational levels. Several studies have investigated the blood lead levels of children of lead workers. 4 ' 15 ' 16 The removal of lead from petrol, the reduction in the lead content of paints, and various changes to plumbing practices over the past decade have contributed to reduced lead absorption in the general population. 17 Levels from previous Australian surveys have shown that these preventative measures have resulted in lower overall blood lead levels in the general population. However, there has been little work investigating occupational factors in parents as predictors of lead absorption in their children. Most work has investigated the relationship between these factors and parental lead level. 16 ' 18 Australian studies have shown that lead levels in children of workers who are themselves exposed to lead have tended to be higher than in controls, and with some individual exceptions, have been less than the 10 /ig/dl recommended level for Australian children. 4 ' 11 Studies of communities exposed to the effects of nearby lead mines or specific lead industries have shown higher lead levels in these children than in communities not so exposed. 18 ' 19 Hygiene practices of parents working in the lead industry have been investigated for associations with higher levels of lead in their children. Some of the practices thought to be of relevance included not showering before leaving work or not changing from work to street clothes before going home. 4 ' 15 ' 16 ' 18 The lead regulations in Victoria, Australia outline hygiene practices that would assist in reducing the risk of lead absorption and transmission, such as a requirement for the employer to provide facilities for employees to wash lead contamination from their bodies. 20 Further, provision of protective clothing, which should either remain at the workplace for laundering or be specifically sent to a commercial laundry, is recommended in the accompanying Code of Practice for Lead Control. 21 The objective of this study was primarily to look at predictors of increased lead absorption in young children aged 12 to 72 months, especially.those of lead workers. The contributions of both occupational and nonoccupational risk factors were looked at as potential predictors in the study. The non-occupational sources of lead in the community were of particular relevance given the reduced content of lead in paints, petrol and welding materials over the past two decades.
METHOD

Recruitment
Subjects were recruited from two types of workplace, scheduled lead workplaces and leadlighters, located within a 45 km radius of the Melbourne Central Business District (CBD). Scheduled lead workplaces are defined lead processers as listed in the Occupational Health & Safety (Lead Control) Regulations of Victoria, Australia. The Victorian Workcover Authority provided a list of 97 scheduled lead workplaces. Leadlighters, which are not specifically listed in the scheduled lists, were identified by an internet and phonebook search of all workplaces which listed leadlighting as a commercial process or contained 'leadlights' or 'leadlighting' in their business tide. This process identified a total of 144 leadlighter workplaces fitting this category.
The recruitment process with the scheduled lead workplaces involved contacting each company, providing them with company information packs, and asking for their participation in the study. Participation in the study involved identifying the number of eligible employees in their workplace and distributing employee information packs to them. The majority of leadlighter workplaces were small, with less than ten employees and a significant number of these were owner-run workplaces. As a result, the recruitment with the leadlighters involved sending both company and employee information packs at the same time.
A comparison group from the community, with no parent working in the lead industry, matched on age (within 12 months of each other), socioeconomic status (education and income level) and geographically (within 5 km radius of each other) was also investigated in the study.
Study groups
The 'lead parent' group was defined as one that included lead workers of any sex or age from any of the workplaces described above. These workers needed to have at least one child aged 12 to 72 months, living at the primary address of the lead working parent. The study was limited to workers involved in the handling of lead for at least 1 hour each week. There was no required minimum length of service in the lead industry to be eligible for inclusion in the study.
The 'non-lead parent' group consisted of neighbourhood families, suggested by the lead parent families involved in the study, who lived within a 5 km radius. The non-lead parent families suggested were excluded if either a parent or carer had ever worked in the lead industry. The children of non-lead parents recruited in this manner were matched for age, geographical location and socio-economic status. Difficulties were encountered in recruiting sufficient 'non-lead exposed' children for a one-to-one match and hence there were four fewer families in this group.
Data collection and laboratory analysis
For this cross-sectional study the collection of data involved a home visit by a study research nurse to administer the questionnaire. Environmental samples of dust, water, soil and/or paint scrapings were collected. Blood samples were taken from lead exposed parents in order to determine blood lead levels; while blood samples were taken from their children in order to determine lead and ferritin levels. (Ferritin levels were investigated as lead absorption can affect ferritin synthesis.) The questionnaire had three sections which dealt with household, parental, and child risk factors.
The first 50 ml of water from a tap that had not been used overnight for at least 10 hours was collected as the initial water sample. The tap water was then run continuously for 2 min, after which a further 50 ml was collected as a second sample. Paint scrapings were obtained, following a walkthrough survey, only in houses that had observable peeling paint. Composite soil samples from three to four sites were obtained according to the methods given in the Draft Australian Standard AS 4482.3 Guide to the Sampling and Investigation of Potentially Contaminated Soil, Part 3: Section 6.
Dust samples were obtained using the following method. Three sites, each of 1 m square were sampled from each household, each site was sampled for 2 min and samples were collected using a portable vacuum cleaner with collection tubes modified to include an oblique wire mesh pre-filter to remove coarse dust, while allowing the collection of fine dust into conical shaped nylon bags with 20 fxm pore size. The three sites were the entrance to the house through which occupants commonly entered or left, the area next to the child's bed, and the area in the house where the parents indicated that the child spent the most time.
Blood ferritin samples were sent to the Royal Children's Hospital Pathology Laboratory for analysis. All other blood and environmental samples collected were sent to the State Chemistry Laboratories for determination of lead levels. All blood samples were transported to the laboratories in refrigerators.
The predictors investigated in the study questionnaire were work hygiene practices of parents working in the lead industry (e.g. not changing from work to street clothes before going home), mouthing behaviours (e.g. pica habits), outdoor activities of the children, age of the house, location of the house with respect to major roads, smoking, and socioeconomic factors.
Quality control procedures for laboratory analysis
Blood samples were prepared for lead analysis by dilution of aliquots with a diluent containing Triton XlOO/ammonium dihydrogen orthophosphate. On arrival of the samples at the laboratory duplicate preparations were made, haematocrit determinations were performed by using microcentrifugation, and the remaining blood was frozen for subsequent analysis.
Calibration standards for lead in blood analysis were prepared by the method of addition calibration where known amounts of lead are added to a blood sample of low lead content. Five calibration standards were used to cover the expected range of the samples. Samples were analysed by using graphite furnace atomic absorption spectrophotometry. Quality control samples in the form of bloods with certified lead levels were analysed with each batch of samples to determine the accuracy of the analysis. The duplicate preparations of each sample were analysed to determine the precision of the analysis.
Soil, paint and water samples were analysed for lead content by using flame atomic absorption spectrophotometry. Where available, certified reference materials with known lead contents were analysed in each batch to determine the accuracy of the analysis. The detection limits were <2.5 ppm for water and <0.01% (w/w) Pb for dust, soil and paint.
Statistical analysis
The statistical analysis was conducted using SPSS Version 8.0 software for the PC and Stata 6.0. Categorical data was tabulated and continuous variables were summarized using the means and standard deviations (SD), and geometric means if the distribution was log-normal. Analysis of differences between children of lead workers and controls used generalized estimating equations to account for the within-family correlation in blood lead levels. Regression analysis was used to assess the confounding influences of sex, age, detectable lead in soil, detectable lead in dust, educational levels, geographical distance from the CBD and pica habits.
RESULTS
Recruitment data
There were 97 'scheduled lead process' workplaces provided on a Victorian Workcover Authority (VWA) list and 144 leadlighter workplaces listed. From the list provided, 21.7% of scheduled lead process and 11.8% of leadlighter workplaces were either out of business, uncontactable or the companies were not interested in participating at the time of the study. In addition, 8.3% of the leadlighter list of companies no longer worked with lead. Of the rest, the percentage of lead workplaces having eligible employees willing to participate in the study was 4.1% for the scheduled lead process and 8.3% for leadlighters. The response rate was much lower for the scheduled lead process group. Of the eligible employees, only 19 decided to participate (Table 1) .
A greater number of participants were from the leadlighter group in terms of numbers of households and children. The percentage of 'non-lead exposed' households and children, matched to those which were 'lead exposed', were approximately the same. However, there were more lead exposed («=22) than non-lead exposed (n=15) children. Difficulties were encountered in the recruitment of non-lead exposed children to the study. The major reason stated for non-participation was the requirement for venepuncture for the participating child. Other reasons stated included lead exposed families not knowing other families with children in the age range of the study and geographically close enough to the lead exposed households to ac.t as controls ( Table  1) 
Demographics
The mean age of the parents was lower in the 'lead parent' group (35 years 1 month), compared with the 'non-lead parent' group (39 years 4 months). The overall mean age of parents was 36 years 10 months. No mothers worked in scheduled lead processes and only three women worked with lead in the leadlighter group. The mean duration in the current lead related industry job was 5.1 years for the scheduled lead process group, and 5.5 years for the leadlighter group. The majority (88%) of parents were born in Australia, had English as their native language, and there were no significant differences between the two exposure groups. No parents were from south-east Asia. The 'non-lead parents' tended to have a higher level of education than the 'lead parents'. The 'leadlighter' group had a higher percentage of parents with their highest educational level at 'trade qualification' (36.9%), compared with the scheduled lead process group (7.7%).
Thirty households took part in the study. Two lead parent and one non-lead parent households were situated within 25 m of a major road. Percentage breakdowns within 'source type' and 'distance from the CBD' categories were similar. Lead parent households (64.7%) had a higher percentage carrying out painting or renovations in their homes during the 12 months prior to the study visit (vs 46.2%). The non-lead parent group (15.4%) had more persons within the household who smoked than did the lead parent group (5.9%). The nonlead parent group (38.5%) had a slightly higher percentage of households with vegetable gardens than did the lead parent group (23.5%). Approximately twothirds of the households recruited were located less than 20 km from the Melbourne CBD. From this group, all households were matched geographically with a control. In the > 20 km group, a control could not be recruited for four of the lead worker households.
The mean ages of children in the lead parent and nonlead parent groups were almost identical. There were slightly more girls recruited than boys. Comparatively, more children in the 'lead-parent' group had a pica habit than those in the non-lead parent group. An infrequent pica habit of less than once per week was also slightly higher in the lead parent group. The lead parent group had more children who sucked their fingers and thumbs several times a day or for some or most of the day. A larger percentage of children in the lead parent group sucked on their toys on a daily and weekly basis than did the non-lead parent group, who only did so rarely or never. None of these factors was statistically significant. Therefore, chance cannot be excluded as an explanation for these differences. The mean hours per week spent by the child outdoors in the summer was found to be higher in the scheduled lead process group, at 30.4 h, than in the non-lead parent group, with the overall average being 21.7 h. All other categories were close to this figure.
Blood lead levels
The geometric means (GMs) for parental blood lead were almost identical in the two major lead parent groups and were greater than the child blood lead levels ( Table  2) . Leadlighters had mean blood lead levels of 13.8 /xg/dl («=14, SD=6.4) and the scheduled lead process parents had mean levels of 14.2/ig/dl («=5, SD=17.3). Both group values were well within recommended occupational levels. Blood lead levels of comparison group parents were not determined as families indicated they NA would be more reluctant to participate in the study if this was an additional requirement to the child blood lead tests. When all child blood results were included for analysis, they were found to be almost identical to those where only the eldest eligible child from each household was included. The analysis on both sets of data was carried out to observe the possible effects of clustering on the results due to some families having more than one child included in the study. When only the eldest child ('child one') from a household was included in the analysis, the lead parent group mean (GM = 6.36 /zg/dl) was 76% higher than that found in the non-lead parent group (GM = 3.66 /zg/dl) (/"<0.001). The haematocrit corrected blood lead results, when analysed by gender, were not statistically different. Differences in ages of children in the lead parent and non-lead parent groups were not statistically significant (Fig. 1) .
The GM lead level of the 'lead parent' group was significantly higher than that of the 'non-lead parent' group (Table 2) . When the child blood lead results of the lead exposed group were analysed it was found that the leadlighter group had GMs of 6.58 /zg/dl and the 'scheduled VWA' group 5.90 /ig/dl, P = 0.270. When the lead parent group was further analysed on the basis of hygiene practices the GM for the children in the 'hygiene' group was 6.13 /ig/dl and for the 'non-hygiene' group was 6.52 ^g/dl, /> = 0.507.
Environmental lead levels
Lead in water samples from all households in each group was found to be below the detection level of <2.5 ppm. Of all households in the study, only six had paint scraping samples taken, of which four had lead levels <100^g/g. From the 30 composite soil samples obtained, 22 were below the detection level of < 100 Mi/g-Of the eight samples above the detection level, three were above the suggested basal levels of 300 Aig/g as per the ANZECC/NHMRC 1992 Guidelines. 20 Comparatively, only seven of the 30 dust samples obtained had lead levels below the detection level of 100 uglg. There were nine samples above the suggested basal level of 300 /ig/g as per the ANZECC/NHMRC 1992 Guidelines. 20 It should be noted that the household in which the child had borderline, elevated blood lead levels, was the only one that had both soil and dust levels above the suggested basal levels. Similarly, the household with the highest child blood lead level for controls, had elevated dust levels and detectable soil levels of 200 /xg/g (Table 3 ).
Work factors
The predominant industries of the lead exposed parents were leadlighting (n=14, 73.7% cases) and chemical based. There was also one radiator repairer. The majority of non-lead parent were from white collar industries. Scheduled lead process employees had spent longer hours working in lead-related activities as a part of their work. The mean hours per week for the scheduled lead process group was 45.2 (n = 5, SD = 6.1), compared with 35.7 («= 14, SD = 22.8) for leadlighters. This was not statistically significant where P = 0.17 (no clustering). However, it should be noted that leadlighters are mostly self-employed and able to regulate their hours more easily than employees on the scheduled lead process list. The mean duration in the current leadrelated job was similar for the two main recruitment groups, with the leadlighters = 65.4 months compared with scheduled lead process group = 61.6 months, and this was not statistically significant, where P = 0.90. The mean total time spent working in lead-related industries was very similar.
Only nine of the 19 parents working in the lead industry used personal protective equipment of any type (42.9% leadlighters and 60% scheduled lead process employees). The most common personal protective equipment (PPE) used (Table 4) by employees in both Table 4) .
Parental lead work factors
Statistically, there were no significant differences in the child blood lead levels (haematocrit corrected) between those parents who used PPE or practised recommended hygiene procedures, and those who did not. The GM for the children of workers who used recommended hygiene practices was 5.99 /ig/dl compared with 6.38 ^g/dl for those who did not (,P=0.507). Similarly, the GM for the children of those who used PPE was 5.27 //g/dl compared with 6.95 fig/g for those who did not (P=0.353).
Confounders and clustering
Regression analyses were conducted to assess the confounding influences of sex, age, educational levels, geographical location from the central business district (< 12 km or > 12 km), or the presence of lead in the household soil and dust samples, on the observed differences in lead levels between children of lead worker parents and non-lead working parents. The GM ratios did not alter more than 10% with these adjustments. The 'within-family' correlation in blood lead levels was estimated to be 0.51. The GMs did not significantly vary when this analysis was performed. This clustering effect resulted in confidence intervals increasing by 30%, when compared to ignoring the clustering.
DISCUSSION
In summary, the study found that the GM for blood lead of children was higher for the lead parent than the nonlead parent group. When separate adjustments were made for each potential confounder, there were no significant changes to these findings. Similarly, when an adjustment was made for clustering, the GMs and the differences found were not significantly affected. The predictors looked at in the study, such as pica habit, did not explain this association. This differed from the findings in other studies, 4 ' 8 ' 9 where pica habit was found to be a predictive factor. A higher number of children in the lead parent group demonstrated mouthing or sucking but statistically this was not significant, which differed from the findings of Donovan. 8 The small number of subjects recruited to the study made it difficult to ascertain statistically significant differences in these predictors.
Haematocrit corrected blood lead levels were consistently higher in children of lead workers. The revised target levels (1998), set by the National Health & Medical Research Council, of <10 /zg/dl in 90% of all children between 1 and 4 years of age, were met in this study. The mean blood lead levels for children in this study were consistent with those found in the National Lead Survey of Children in Australia 1996 conducted by Donovan. 8 This result was also consistent with that found in meta-analysis by other workers. 4 Furthermore, this study addressed the issue raised by Roscoe et al. of the need to have further comparisons with blood lead levels from neighbourhood control children, to better separate proximate sources of lead exposure. 6 There was no statistically significant difference in the ferritin levels, as these were all within normal limits for age except for one child who had a borderline low level. While the lead levels are low and mostly within acceptable levels for the children, it is important to know that current control measures are effective and to identify the risk groups that might benefit from occupational hygiene advice and education, such as the leadlighters.
Univariate and bivariate analysis of data, comparing lead exposed and non-lead exposed groups for various predictors, was performed. There were insufficient numbers of households located near a major road for a significant analysis to occur and this differed from the results of Donovan who found that location near a major road was associated with higher levels of blood lead. 8 Blood lead results for households < 12 km or > 12 km from the CBD were not significantly different between the two groups. This differed from the study by Mira et al., which had more children with blood lead levels above 10 /xg/dl in those living within a 10 km radius of the Sydney CBD. 5 It is likely that with the small numbers in each group there was insufficient power to detect a difference. Alternatively, either a difference in weather patterns, or the geography of the inner city areas, or a difference in the levels of airborne lead between the two cities may explain this difference. The mean age of current residences for the lead exposed group and nonlead exposed group was not statistically different. Hence, comparison of any potential differences in blood lead due to the presence of higher content of lead in the unrenovated older houses, with more modern houses could not be made. In lead parent households 64.7% of houses had undergone renovations during the previous year, or at any time during which the child had lived in the house or during the mother's pregnancy with the child, compared with 46.2% in non-lead parent households. While this finding was not statistically significant, a study by Bates et al. suggested that there was a strong association between high blood lead levels and recent renovation. 12 In developing countries, where lead-based paint and leaded petrol may be more widely used, these non-occupational exposure sources may be more important than found in this study.
There was no statistically significant difference between the leadlighter and workcover groups, with respect to percentage of workers using PPE, workers who shower at work, or wash work clothes at home, or who wear work clothes at home. Leadlighters were more likely to not shower at work before going home, wash work clothes at home, and wear work clothes home. These latter three measures are recommended in the Code of Practice Lead Control (Victoria 1988). 21 Despite the recommendations, 60% of the workcover employees wear their work clothes home, wash their work clothes at home and only 20% shower at work. The raw percentages in this study were suggestive of some possible association between poor work hygiene practices and higher levels of blood lead. The low numbers in each category would have made it difficult to detect a difference but the results of Czachur et a/. 16 and Nunez et al. 18 are consistent with such a finding.
A parent who worked in a scheduled lead process was the outlier for haematocrit corrected blood lead, with a level of 43.4 /ig/dl. His two children both had levels at 10 //g/dl. Elevated dust lead levels of 600 //g/g, but soil lead levels below those recommended (200 /ig/g), were found in this household. This parent used some personal protective equipment but did not follow any of the recommended hygiene measures, such as not wearing work clothes at home. The child blood lead outlier for the non-lead exposed group was 9.4 /^g/dl, with household dust lead levels of 500 /ig/g and soil levels of 200 /ig/g. Dust levels in their matched lead exposed household, situated only a few households away, were 500 /ig/g and soil levels were 300 fig/g. In this household the parent had a corrected blood lead level of 24.5 /ig/dl, used no PPE and no hygiene measures. The child in this household had a corrected blood lead of 14.9 /zg/dl, which was also the highest child blood level of the lead exposed group. The occupation in this case was leadlighting but this process was not being carried out on the premises. The child from the non-lead exposed group household had a weekly pica habit but the child from the lead exposed group only rarely or never indulged in the pica habit. This result is suggestive of the lead being at least partially acquired environmentally, with the source of lead being either soil or dust.
Some limitations in the study were participation bias, clustering effects, difficulties with obtaining 'non-lead parent' children for comparison, and the small numbers of recruits, which limited the interpretation of predictive factors investigated in this study. There was a low percentage participation rate in the 'scheduled lead process' group, the majority of eligible individuals for participation having received their information packs and answers to initial queries from the occupational health and safety officers of the companies for which they worked. Leadlighters received their information directly from the study coordinators. Child venepuncture was the main obstacle cited by many parents to participation in the study. There was greater success with recruiting subjects for the study when the coordinators made contact directly. The use of experienced children's venepuncture nurses to perform the blood collection often helped to convince non-lead parent families recruited by the lead parent families to participate in the study. It is more likely that the families who participated in the study were more interested in the health effects of lead and in practising appropriate work hygiene than those who did not participate. Hence, the difference in lead levels found between the 'lead parent' and 'non-lead parent' groups would more likely to be increased if greater participation had been achieved.
Clustering was not found to have a significant confounding effect. Analysis was performed on the results of 'child one' from each household, compared with all children being included in the analysis. Results were not statistically different. In addition, cluster analysis as previously described was carried out on the data and once again similar results were obtained.
Difficulties obtaining 'non-lead parent' subjects, with similar socioeconomic background and of a similar geographical location, were encountered. Lead parent families were allowed to invite potential non-lead parent families to watch the blood collection process from their children to encourage participation. With greater numbers of 'non-lead' parents, the power of the study would be expected to be greater and differences due to predictors would have been more easily detected.
Due to the small numbers involved, in some questions where frequency of behaviours was being investigated as a predictor, categories needed to be collapsed to achieve sufficient numbers for analysis to occur. Thus, predictive effects would have been difficult to detect unless differences were particularly large. With sufficient numbers, predictive factors, such as pica habits, would be more likely to be significant.
An advantage in the study was that leadlighters were included as a major sub-group. This group had not previously been studied for their lead exposure in Australia or overseas. In addition, a broad group of lead industry sources were looked at to participate in the study, whereas studies in the past had typically concentrated on a specific industry.
In conclusion, the study found that children of lead workers had higher levels of lead and that known risk factors such as pica habits only partially explained the increased lead absorption. Leadlighters and workers from the workcover list of scheduled processes will require further education and advice about the hazards of working with lead, and hygiene measure to reduce transmission of lead to their children. Further study, using a stronger study design such as an intervention trial, will be required to investigate predictive factors associated with parental occupation. The finding of higher levels of lead in children of lead workers was consistent with the results of other studies. 4 ' 15 ' 18 However, some studies found that children demonstrating a pica habit had higher levels of blood lead. 4 ' 8 ' 9 Whilst previous work has shown that poor occupational hygiene practices were associated with higher levels of lead in the workers, 16 ' 18 the correlation between increasing blood lead levels in parents and their children was not clear. This study proposes that there is an association between poor occupational hygiene practice of parents and blood lead levels of their children.
